Experimental details

General considerations
All synthetic and spectroscopic manipulations were carried out under an atmosphere of purified nitrogen, either in a Schlenk apparatus or in a glovebox. Solvents were dried and deoxygenated either by distillation under a nitrogen atmosphere from sodium benzophenone ketyl (THF, pentane, hexane) or by an MBraun GmbH solvent purification system (all other solvents). NMR data were recorded on a Bruker DPX 200, Bruker DRX 400, a Bruker Avance III 400, Bruker Avance II 300 or a Bruker Avance III 600 MHz spectrometer at ambient temperature unless stated otherwise. The residual solvent signal was used as a chemical shift reference ( H = 7.16 for benzene, 7.26 for chloroform, 3.58 for α-H of THF) for the 1 H NMR spectra and the solvent signal ( C = 128.06 ppm for benzene, 77.17 for chloroform, 67.21 for α-C of THF) for the 13 C NMR spectra. Elemental analyses were performed by combustion and gas chromatographic analysis with an elementar varioMICRO or elementar varioMICRO CUBE instrument. All chemicals were purchased from Acros or Aldrich and were used without further purification. NiX 2 (dme) (X = Cl, Br), 1 2,5-Bis((alkyl-phosphino)methyl)-1H-pyrrole 2 and R 2 PH (R = iPr, tBu) 3 were synthesized according to literature procedures. H 2 (5.0, 99.999 Vol. %), D 2 (2.8, 99.8 Vol. %) and N 2 O (2.5, 99.5 Vol. %) gas, were purchased from Westfalen AG and used as received. In a typical experiment 4 2,5-bis((alkyl-phosphino)methyl)-1H-pyrrole (1 equiv.) and R 2 PCl (R = iPr, tBu) (2.05 equiv.) were mixed and heated under N 2 at 140 °C for 20 h. After that time all volatiles were removed under dynamic vacuum at 60 °C for at least 2 h. . Displacement ellipsoid plot (50% probability) of 1b. Hydrogen atoms, except NH, are omitted for clarity. Only one of the two independent molecules in the asymmetric unit is shown. Both molecules display approximate mirror symmetry, and a least-squares fit of both molecules (one inverted) gives a r.m.s. deviation of 0.10 . 
Synthesis of 2,5-Bis((alkyl-phosphino)methyl)-1H-pyrrole (1a and 1b)
N
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To a solution of 1a (1000 mg, 3.06 mmol) in 30 mL of pentane was added 2.1 mL (3.2 mmol, 1.6 M) nBuLi at −78 °C. After 30 min a beige suspension was obtained, which was warmed to room temperature giving a clear orange solution. After stirring overnight the pentane was removed under dynamic vacuum and the solid residue was washed with a minimal amount of pentane. After recrystallization from hexane −24 °C pale yellow crystals were obtained, which were suitable for Xray analysis. Yield: 296 mg (0.89 mmol, 30%).
J P-Li = 24.7 Hz 
Synthesis of [( tBu PNP)NiBr] (3b)
To a suspension of [NiBr 2 (dme)] (234 mg, 0.77 mmol) in THF (10 mL) was added a solution of 2b (300 mg, 0.77 mmol) dissolved in THF (10 mL) at ambient temperature. The mixture turned red and was stirred at room temperature overnight. The THF was removed under dynamic vacuum and the residue was extracted with Et 2 O (4 x 5 mL) and filtered. Method C: A J. YOUNG NMR tube was charged with complex 4 (18 mg, 0.017 mmol) and C 6 D 6 (1 mL). The N 2 atmosphere was replaced by H 2 (1 atm) and the mixture was heated at 60 °C for 2 h. A color change from deep red-brown to red was observed and Hg precipitated as a grey powder. The conversion to the nickel hydride 5b was monitored by 31 P{ 1 H} NMR spectroscopy. However, it should be mentioned that in some cases when using a BUCHI TINYCLAVE reactor for this reaction (5 bar of H 2 , grade 5.0), we also observed the formation of small amounts of 3b (by EI-MS spectrometry and 31 P{ 1 H} NMR spectroscopy (δ 67.1 ppm)) and a minor quantities of a second species that was characterized as the nickel hydroxide complex [( tBu PNP)NiOH)] on the basis of EI-MS spectrometry and 31 P{ 1 H} NMR spectroscopy (δ 61.5 ppm). We attribute the formation of these complexes to small contaminations of 4 with NaBr, which was not completely removed during workup, and to minute levels of adventitious H 2 O contamination. However, as shown by the reactivity studies on [{( tBu PNP)Ni} 2 (μ-Hg)] (4) (see chapter 1.5) these side reactions are very slow in the absence of H 2 suggesting that H 2 is required to trigger the formation of these products.
Crystals suitable for X-ray diffraction were obtained from a concentrated hexane solution of 6b at −25°C overnight. 
Synthesis of nickel formate [( iPr PNP)NiOC(O)H] (6a)
A solution of [ iPr PNPNiH] (5a) (142 mg, 0.37 mmol) in benzene-d 6 (3 mL) was exposed to CO 2 (2.5 bar, grade 5.0). The mixture was stirred at room temperature overnight. During this time the colour changed from brown to red. Full conversion to 6a was monitored by 31 P{ 1 H} and 1 H NMR spectroscopy. Formate complex 6a was recrystallised from hexane forming red needles, which were suitable for X-ray diffraction. Yield: 86 mg (0.20 mmol, 54%) 
Crystallographic data
X-ray diffraction studies. Data were recorded at 100(2) K on Oxford Diffraction diffractometers using monochromated Mo Kα or mirror-focussed Cu Kα radiation (see Table S1 ). Absorption corrections were applied on the basis of multi-scans. The structures were refined anisotropically on F 2 using the SHELXL-97 program. 6, 7 NiH and NH hydrogens and the formate hydrogen of 6a were refined freely; other hydrogen atoms were included as rigid methyl groups allowed to rotate but not tip, or using a riding model starting from calculated positions. 
Special features and exceptions:
Structures 1b and 4·C 6 H 6 display a pseudo B-centring. For the latter, the solvent molecules are well-ordered. For 2a, one isopropyl group is disordered over two positions; a system of similarity restraints was employed to improve refinement stability, but the dimensions of disordered groups should be interpreted with caution. Crystals of 6a shatter at 100 K, presumably because of a phase transition; the data were therefore recorded at 130 K. Data for 7 were recorded at 183 K. Compound pairs 5a/6a and 5b/7 are effectively isotypic, despite slight chemical differences.
Compound 3b is not isotypic to the latter pair despite the closely similar cells, as can be seen from inspection of the nickel x coordinates, which are approximately ½ for 5b but ¾ for 3b and 7; no transformation in P2 1 2 1 2 1 can interconvert these values. 
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